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Abstract

The regeneration of montane Norway spruce (Picea abies (L.) Karst.) forests is among the
most challenging silvicultural issues due to the extreme climatic conditions at high altitudes, par-
ticularly after large-scale natural disturbances. The aim of the study was to compare the devel-
opment of the natural and artificial regeneration in the period 2006—2014 in a cleared windthrow
area of 14 ha, which resulted from a wind-disturbance in 2001. The study area was situated in
Ofeliite site, Vitosha Mountain, West Bulgaria. The forest regeneration was studied in 16 perma-
nent sample plots of size 10 m x 10 m (100 m?). We found that the intensity of natural regenera-
tion decreased significantly five years after the windthrow. Dominant species was Picea abies,
which regenerated most frequently on decaying deadwood. The artificial regeneration had 5 times
lower numbers than the natural one. This could be due to the low planting density and the higher
mortality rate of planted spruce seedlings in comparison to the naturally established ones. The
risk of mortality was highest among saplings lower than 0.5 m. The main reasons for the observed
mortality were the withering and suppression by other plant species such as Rubus ideaus L.
and Calamagrostis arundinacea (L.) Roth. Our results suggest that the natural regeneration was
more important than the artificial planting for the restoration of the wind-disturbed spruce forest
in Ofeliite site. In this respect, sustaining abundant seedling bank as well as sufficient quantities
of decayed deadwood as regeneration substrate and microhabitat in the managed spruce forests
can help adequate natural regeneration after large-scale disturbances.

Key words: montane Norway spruce, mortality, natural regeneration, plantation, regeneration
substrate, wind disturbance.

Introduction

Wind disturbances form an integral part
of the natural dynamics of Norway spruce
(Picea abies (L.) Karst.) forests in Europe
(Korpel 1995, Panayotov et al. 2011,
Svoboda et al. 2010, 2012, 2014, Ulanova
2000, Wohlgemuth et al. 2002). Dependent
on their magnitude, the impact of wind
disturbances can vary from the creation

of forest gaps to the emergence of larger
windthrow areas. In recent decades an in-
creasing number of large-scale windthrows
in the Norway spruce forests was reported
all over Europe (Schelhaas et al. 2003),
which can be associated with the increased
frequency of weather extremes such as
wind storms and droughts (Dale et al.
2001, Schlyter et al. 2006). In Bulgaria the
last large windthrow took place in Vitosha
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Nature Park in 2001 affecting a total of 74
ha of Norway spruce forests (Dountchev et
al. 2014). It was followed by a bark bee-
tle outbreak which killed another 181 ha
spruce forests in reserve non-intervention
territories and 63 ha in managed forests,
which were cleared and replanted.

After severe wind disturbances the
most important question is how to re-
duce the calamity risk and to accelerate
the forest restoration (Brang et al. 2006,
Schonenberger 2002). Traditionally the
silvicultural measures after natural distur-
bances include salvage logging and re-
planting of the cleared areas. In the high
mountain zone the replanting is considered
as a key measure for forest restoration
since the tree regeneration processes in
open areas can be slow as a result of the
unfavourable ecological conditions and the
effective suppression by the dense veg-
etation cover (Brang et al. 2006, Dimitrov
1999, Milev and lliev 2000, Pavlov et al.
1996, Wohlgemuth et al. 2002). Unfavour-
able environmental factors such as climat-
ic extremes, drought and suppression by
grass or shrub vegetation can have nega-
tive impact also on the survival of planted
trees (Frehner 2002, Jonsson 1999, Milev
and lliev 2000, Penev and Marinov 1964,
Schoénenberger 2002).

Recent studies showed, however,
that the natural regeneration can play
key role in the recovery of wind disturbed
spruce forests (Dimitrov 1999, Jehl 2001,
Jonasova et al. 2010, Wohlgemuth et al.
2002). A precondition for abundant spruce
recruitment is the availability of sufficient
advance regeneration, as well as the
presence of appropriate regeneration sub-
strates such as decayed deadwood and
exposed mineral soil when seed sources
are available (Brang et al. 2006, Holek-
sa et al. 2012, Kuuluvainen and Kalmari
1993, Penev and Marinov 1964, Zielonka

2006). Moreover, the natural regeneration
is considered as more sustainable and
economically advantageous option for for-
est restoration in comparison to artificial
plantations (Schonenberger 2002).

In spite of the existing information
about these advantages of natural over
artificial regeneration, there are still some
debates mostly concerning whether this
advantage is valid also under the condi-
tions of Vitosha Mountains (Naidenov
2006).

Therefore, our aim was to compare the
development of the natural and the artifi-
cial regeneration in a cleared windthrow
area and to make recommendations for
enhancement of the effectiveness of the
restoration measures after wind distur-
bances in montane Picea abies forests.
For this purpose we studied the regenera-
tion dynamics 5 years and 13 years after
a wind disturbance in 2001 and examined
the effect of the microsites on the estab-
lishment and growth of the Picea saplings.

Material and Methods

Study site

The study site is situated at an altitude of
1500-1700 m a.s.l. in the mountain val-
ley of Vladaiska river in Vitosha Nature
Park, South-Western Bulgaria (42°33'
N; 23°18' E). The site is named “Ofeliite”
(Fig. 1) and falls within a forest complex
of 700 ha dominated by Norway spruce
(Picea abies (L.) Karst.), to lesser extent
European beach (Fagus sylvatica L.) and
small share of Salix caprea L., Sorbus
aucuparia L. and Betula pendula Roth.
According to the formerly used Russian
approach for classification (Aleksandrova
1978), the forest communities in the study
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area belong to the associations Piceetum
calamagrostosum, Piceetum myrtilloso-
calamagrostosum and Piceetum Fageto
herbosum (Pavlov and Dimitrov 1995).
No special phytosociological studies fol-
lowing Braun-Blanquet approach were
done in Vitosha, but the Norway spruce
communities in Rila were classified into
alliance Piceion excelsae, subalianc-
es Eu-Piceenion and Abieti-Piceenion
(Roussakova and Dimitrov 2005). The
mean age of the stands is 120 years.
Having predominantly homogeneous
structure, the forests are considered to be
in the self-thinning phase. The bedrock is
formed by syenite rocks and is covered by
Dystric and Umbric Cambisols. In some
areas the soils lie on large spherical sy-
enite blocks and therefore the rooting
depth is limited.

The average annual temperature at
1700 m a.s.l. is 4.0 °C, ranging from a
mean monthly temperature of —5.2 °C in
January to +12.9 °C in July—August. The
annual precipitation is 1060 mm with a
maximum in May—-June and a minimum
in August-September. The snow cover
reaches up to 100 cm and

riod 2003-2008. The technological plans
recommended planting of 2500-3000
2-year-old Norway spruce saplings per
hectare in the cleared windthrow area.
Information about the origin of the sap-
lings was either not provided or limited to
the name of the forest nursery — Godech,
Pirdop or Samokov. The planting was
prescribed to be carried out in the spring
period, whereby the saplings should be
planted without a planting scheme in
30-cm-deep hand-made holes. The culti-
vation measures included removal of the
suppressive grass vegetation, as well as
additional planting in areas with high sap-
lings’ mortality.

Data Collection and Analysis

In 2006, the 14-ha windthrow area at the
study site was identified by GPS mea-
surements and subsequently mapped in
GIS using ArcGIS 10 software (ESRI Inc.).
In the same year we established 16 per-
manent sample plots of size 10 m x 10 m
(100 m?) (Fig. 1). Tree recruitment, field
vegetation and regeneration microsites

lasts less than 150 days. ~ g
In 2001, nearly 14 ha of
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down by a wind storm. The
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lowed the windthrow. The

— , o) Legend
i - Edelweiss Hut / // W sample plots
salvage logging was fol- \/ o éj 02 0304 03 _ windthrow area
ifici i |:] Spruce forests

lowed by artificial refores- -

)
Ofelnte site ’

Vitosha Nature Park

tation of the cleared area
which took place in the pe-

Fig. 1. Study site.
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were scored in each sample plot in 2006
and 2014, following methodologies ap-
plied by Fischer et al. (2002), Jehl (2001)
and Siegrist (2000). First, we made a re-
cord of the species composition, density,
height and the type (i.e. natural or artifi-
cial) of the tree recruitment. The planted
saplings were distinguished by the pres-
ence of planting holes. Further, the cover-
age of the main types of microsites (e.g.
windthrow mounds, decayed deadwood,
litter, bare ground, vegetation cover and
rocks) were estimated on basis of sub-
plots of 1 m? and the type of regenera-
tion substrate of each Picea abies sapling
was determined. The regeneration was
classified into 6 height groups: <10 cm,
11-25 cm, 26-50 cm, 51-100 cm, 101—
150 cm and >151 cm. The average mor-
tality rate was estimated as a ratio of the
number of saplings, which have not sur-
vived in the period 2006-2014 compared
to all saplings registered in 2006.

The normality of data distribution was
checked by Shapiro-Wilk test. The normal-
ity tests showed that all data had non-nor-
mal distribution requiring non-parametric
tests to be applied for statistical analyses.
Mann-Whitney rank sum test was used to
check for significant differences between

the natural and artificial regeneration. Wil-
coxon Signed Rank tests were applied to
check for changes in Picea regeneration
during the period of the study. Chi-square
test was used to check for significant dif-
ferences in the mortality levels between
natural and artificial regeneration.

Results

Regeneration dynamics

Thirteen years after the disturbance, the
regeneration registered in the sample plots
was formed by both naturally established
and planted saplings. The natural regenera-
tion consisted of 7 tree species. Most abun-
dant were Picea abies (831 ha™' or 56.8 %),
Sorbus aucuparia (319 ha' or 21.8 %),
Salix caprea (150 ha™ or 10.3 %) and Fagus
sylvatica (100 ha™ or 6.8 %). Typical pioneer
species such as Betula pendula, Populus
tremula L. and Pinus peuce Griseb. had
altogether nearly 4 % participation (Fig. 2).
The artificial plantation consisted exclusive-
ly of Picea abies saplings (375 ha™).

The regeneration dynamics and the ef-
fectiveness of the planting activities were
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Fig. 2. Sapling density in the windthrow area in 2014.
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assessed by comparison of the regenera-
tion numbers in 2006 and 2014. In 2006
the total regeneration numbers in the sam-
ple plots were on average 1919 ha'. The
natural regeneration accounted for 1344
saplings per 1 ha (of which 825 ha' were
Picea abies), while the artificial plantation
was significantly lower — 575 ha' (Mann
Withney test, p=0.009). In 2014 the total
regeneration numbers decreased slightly to
1863 saplings ha™, consisting of 1488 ha™
natural regeneration (of which 831 ha' were
Picea abies) and 375 ha™ planted saplings.
The increase in the natural regeneration
from 1344 to 1488 ha" was not significant
(Wilcoxon Signed Ranked test, p=0.6) and
was attributed to the establishment of 369
saplings per 1 ha after 2006 — mainly Picea
abies (200 ha') and Salix caprea (81 ha™).

Yet, we found that 213 saplings per 1 ha
which had been registered in 2006 had not
survived by 2014. This indicated an aver-
age mortality rate of 16 % for the study pe-
riod, with highest values for Betula pendula
(50 %) and Picea abies (20 %) (Fig. 2).

The comparison of the height struc-
ture of the natural regeneration in 2006
and 2014 (Fig. 3a, 3b) showed that dur-
ing the study period all species exhibited
a clear shift in the regeneration numbers
from the lower height classes to the higher
ones. For instance, the number of the Pi-
cea saplings in the first two height classes
differed significantly between 2006 and
2014 — 362 ha and resp. 50 ha' (Wilcox-
on Signed Ranked test, p=0.002).

The number of registered planted sap-
lings in the artificial plantation dropped
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Fig. 3. Height structure of the natural regeneration in: a) 2006 and b) 2014.
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from 575 ha' in 2006 down to 375 ha™
in 2014. Even if another 200 saplings per
1 ha were planted additionally in the peri-
od 2007-2014, the number of the saplings
which died in this period was twice higher
— 394 saplings per 1 ha. By 2014 the num-
ber of planted saplings in the sample plots
varied between 0 and 2000 ha™.

Mortality of Picea abies saplings

Mortality of the dominant species Picea abi-
hes was registered in saplings with height
up to 1 m. It was highest for individuals low-
er than 20 cm in 2006 and varied per sam-

ple plot between 0 % and 86 % (Fig. 4a).
Yet, the mortality rate of the natural Picea
regeneration (<1 m height) was significantly
lower than that of the artificially planted —
24 % vs. 69 % (Chi-square test p=0). The
mortality rate of the planted saplings was
highest among individuals that were lower
than 50 cm in 2006 (Fig. 4b) and it varied
per sample plot between 33 % and 100 %.
The highest mortality rates of the natu-
ral Picea regeneration were found among
saplings that had been registered in 2006
on stones covered by thin organic layer
(86 %) and on windthrow mounds (50 %),
whereas lower mortality rates were regis-

82% 20
2 40 A 80
E 1 mm died in 2006-2014 70 &
B —= survived in 2006-2014 @
g 30— 60 2
& —&— Microsite coverage &
& 50 5
@ | E
g 2 - “ 5
Q__ —
= o
5 10— 20 O
E 6
% 0 A n 0
decayed windtrhow litter stones bare ground vegetation
deadwood mounds
Microsites
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tered on litter (30 %), vegetation covered
ground (22 %), decayed deadwood (19 %)
and bare ground (14 %) (Fig. 5). It was as-
sessed that the critical factor for 67 % of
the saplings, which have not survived in
the period 2006-2014, was drought, for
8 % — erosion of the soil layer on mounds,
and for the remaining 25 % the mortality
factors were not identified.

All planted Picea saplings that did not
survive in the period 2006-2014 were
found in patches of grass and shrub veg-
etation dominated by Calamagrostis arun-
dinacea or Rubus ideaus, and in areas
with excessive soil moisture — Juncus ef-
fusus L. In 10 % of the mortality cases the
planted saplings were missing, what was
considered as indication for frost heaving.
In the other 90 % of the mortality cases
the saplings either showed signs of dam-
ages as result of careless cultivation or
seemed to have withered.

Regeneration substrates of Picea
abies

In 2006, 74 % of the naturally established
Picea saplings with height <60 cm were
observed on vegetation-free substrates
such as decayed deadwood, bare ground,
windthrow mounds and litter (Fig. 5). The
highest regeneration densities were regis-
tered on decayed deadwood and on bare
ground — 269 per 100 m?. Despite its ex-
tremely low coverage of less than 1 % (e.g.
<5-10 m¥ha) this substrate hosted 41 %
of all Picea saplings, often forming groups
of individuals. On vegetation-free sub-
strates such as bare ground and windthrow
mounds we found 45 and 38 saplings per
100 m?, respectively. In contrast, the re-
generation density on vegetation covered
ground was 2 saplings per 100 m?, situated
individually. In 2006 this microsite covered
82 % of the area of the sample plots but ac-

counted for only 26 % of all Picea saplings.
In 2014, the distribution of the Picea regen-
eration among the regeneration substrates
did not change considerably, as the veg-
etation-free substrates hosted 68 % of all
Picea saplings compared to 74 % in 2006.

Discussion

Regeneration dynamics

Our results showed that the wind distur-
bance and the subsequent salvage log-
ging did not lead to considerable chang-
es in the species composition of the dis-
turbed Norway spruce forest. Most abun-
dant was the tree recruitment of species
such as Picea abies and Sorbus aucupar-
ia, which are characteristic for this type of
climax forest. This is not surprising since
these species rely both on advance and
post-disturbance regeneration in order to
persist after natural disturbances such
as windthrows and bark beetle outbreaks
(Jehl 2001, Schénenberger 2002, Zywiec
and Ledwon 2008). Moreover, before the
outbreak of the bark beetles in 2003, the
cleared area had a maximal width of 150
m and was compact enough for the wind-
dispersal of the Picea abies seeds, which
is most intensive up to 100—200 m from
the intact forest edge (Lassig et al. 1995).

However, the dominance of Picea ab-
ies and Sorbus aucuparia was not actual-
ly a result of high regeneration numbers,
assessed at less than 1500 ha''in 2014.
In contrast to the general knowledge
about forest succession, we found that
in the cleared winthrow area the recruit-
ment of pioneer species was rather lim-
ited. The regeneration numbers of spe-
cies such as Pinus sp., Salix sp., Populus
tremula or Betula pendula did not exceed
altogether 300 ha' in 2014. This was op-
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posite to observations in windthrow ar-
eas situated at lower altitudes (Fischer et
al. 2002, llisson et al. 2007, Mocalov and
Lassig 2002, Pavlov et al. 1996, Siegrist
2000) where the milder climatic condi-
tions favoured more abundant tree regen-
eration and higher participation of pioneer
species. Moreover, except for Salix cap-
rea, all other pioneer species were repre-
sented by a negligible number of seeding
trees in the adjacent forest stands. This, in
our view, limited their specific potential to
populate disturbed areas including micro-
sites with exposed mineral soil created by
the uprooting of wind-felled trees and the
harvesting (llisson et al. 2007, Jonasova
et al. 2010, Schonenberger 2002, Ulano-
va 2000).

Further, we found that the intensity
of the natural regeneration was highest
shortly after the disturbance and the sal-
vage logging (Dimitrov 1999, Wohlege-
muth et al. 2002). On the one side, this
was evident from the increase in the
number of saplings in the height classes
above 50 cm in the period 2006—2014.
This increase resulted both from the re-
lease of the advance regeneration and the
rapid grow-up of saplings which have es-
tablished in the period 2001-2006. On the
other side, the significant decrease in the
numbers of individuals registered in the
height classes lower than 20 cm in 2014
compared to 2006 revealed a clear drop
in the regeneration numbers after 2006.
Since the mortality of the natural regen-
eration was relatively low (i.e. 17 %), the
regeneration drop resulted most probably
from decline in the recruitment levels.

Whereas the surge in the regeneration
process after 2001 was favoured by the
improved light conditions after the remov-
al of the forest cover, the observed drop
in the regeneration intensity after 2006
indicated that the regeneration conditions

have considerably worsen some years
after the disturbance. As main factor for
this negative trend was considered the
rapid expansion of the grass and shrub
vegetation, which is known to effectively
suppress the regeneration of Picea abies
and other tree species (Pavlov et al. 1996,
Wohlgemuth et al. 2002). In particular, we
found that five years after the removal of
the forest cover the grass vegetation oc-
cupied more than 80 % of the disturbed
area.

In terms of sapling density the artificial
plantation played minor role compared to
the natural regeneration for the restora-
tion of the wind disturbed Norway spruce
forest. This was shown by the significant
differences between the number of natu-
rally established saplings (mainly Picea
abies) and the number of planted Picea
saplings in the sample plots. Provided that
the prescribed planting density was be-
tween 2500 and 3000 Picea saplings per
hectare, the observed regeneration den-
sity of 375 ha' in 2014 could be explained
by severe losses in the number of planted
saplings. Indeed, the average mortality
rate reported by the forest authorities for
only two years in the period 2004-2005
was 48 %. In addition, we found that for
the study period 2006—2014 the mortality
rate was on average 69 %. In contrast, the
observed lower mortality rates of species
such as Fagus sylvatica and Pinus sp. in-
dicates their potential for larger use by the
artificial plantations in mountain forests
(Dimitrov 1999).

Mortality of Picea abies saplings

The significantly lower mortality rate for
the period 2006-2014 registered among
the naturally established Picea saplings
with height of <1 m in comparison to the
planted ones (25 % vs. 69 %) suggests
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that the natural Picea regeneration was
more resistant against the critical micro-
environmental conditions than the artificial
plantation. However, it should be noted
that part of the natural regeneration can
be damaged during the salvage activities
in the disturbed forests (Wohlgemuth et
al. 2002). For instance, we documented
severe damages to the advance regen-
eration as result of controlled burning of
the slash across the disturbed area.
Further, our results confirmed the find-
ing of Milev and lliev (2000) that Picea
saplings lower than 100 cm have lower
resistance against the unfavourable eco-
logical factors. Particularly critical for the
survival of the young trees was the pe-
riod of growth to a height of 20-50 cm. In
this regard, Schénenberger and Wasem
(1997) reported that the mortality of plant-
ed saplings was highest in the first three
years as result of the planting shock.
These findings can be explained by the
importance of the well-developed root
system (Frehner 2002) for the resistance
of the plants against the unfavourable mi-
cro-environmental conditions and the abil-
ity of the larger plants to out-compete the
suppressive grass and shrub vegetation.
The potential mortality reasons by all
saplings were assessed indirectly. As the
most critical ecological factor for the mor-
tality of the natural Picea saplings was con-
sidered the poor moisture retaining ability
of particular regeneration substrates. In
this way was explained the observed with-
ering of saplings established on windthrow
mounds, on sun-exposed deadwood and
particularly on stones covered by thin or-
ganic layer. Soil slides on mounds during
heavy rains also may lead to loss of indi-
viduals (llisson et al. 2007, Holeksa et al.
2012, Ulanova 2000). Further, we assume
that the suppression of saplings growth
due to grass vegetation as well as frost

could have also negatively impacted the
survival of individual saplings.

Most of the dead planted saplings (of-
ten 2-years-old) were found in patches of
Rubus ideaus and Calamagrostis arun-
dinacea, as well as in areas with exces-
sive moisture covered by Juncus effusus.
Provided that the mortality was highest by
saplings lower than 50 cm, we suppose
that the suppression by the grass and
shrub vegetation may have aggravated
the impact of other ecological factors such
as frost or drought (Milev and lliev 2000,
Schonenberger and Wasem 1997).

Yet, our observations on the mortality
patterns of the planted saplings suggest
that the implementation of the artificial
planting and the cultivation technology
should be improved. In the first place,
the risk of frost heaving or drought can
be reduced by selecting planting micro-
sites without excessive soil moisture,
respectively by selecting moderately el-
evated planting microsites close to stand-
ing trees, shrubs or lying logs which can
provide shelter to the planted saplings.
Since in the montane and the sub-alpine
zones the initial growth of the spruce sap-
lings is rather slow, higher resilience of the
planted saplings to critical ecological fac-
tors such as the suppressive vegetation,
the frost or the drought is observed when
well-developed plants, i.e. older than 4-5
years, are used (Milev and lliev 2000).
Particularly potted plants show higher sur-
vival rates (Schdnenberger and Wasem
1997). Moreover, the higher survival rates
of the naturally established regeneration
of Fagus sylvatica and most of the pioneer
species in Ofeliite site indicates the poten-
tial of these species to be effectively used
by the replanting of the cleared windthrow
area.

It is also expected that the usage of
planting material, which is better adapted
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to the site-specific ecological conditions,
can reduce the planting shock. For in-
stance, the planting material in Ofeliite site
was procured in forest nurseries situated
at much lower altitude, while the Picea
seeds presumably originated from spruce
forests, where the ecological conditions
considerably differed from the ones on the
study site.

In the second place, the survival of the
planted saplings can be increased if the
removal of the competing vegetation dur-
ing the cultivation of the Picea plantations
is carried out until the saplings grow high-
er than 50 cm, i.e. for a period of not less
than 3-5 years. Besides this, the mowing
of the grass vegetation should be car-
ried out in a way that no damages to the
planted saplings are caused. As observed
in the study site, the damaged coniferous
saplings are the first to be suppressed
and killed by the competing vegetation.

Regeneration substrates of Picea
abies

Our results show that vegetation-free sub-
strates such as decayed deadwood, bare
ground, windthrow mounds and litter were
of key importance for the natural regen-
eration of the dominant species Picea ab-
ies, despite their limited coverage in the
windthrow area (less than 18 %). Shortly
after the disturbance and the salvage log-
ging these substrates provided the Picea
seedlings a safe place to develop free of
competing vegetation (Ulanova 2000,
Schonenberger 2002, Kuuluvainen and
Kalmari 2003). This means that even sap-
lings, which have been registered in patch-
es of grass and shrub vegetation had most
probably germinated on bare ground be-
fore the expansion of the vegetation.

Most favourable for the regeneration
of Picea abies proved to be the substrate

formed by decayed logs and stumps,
which exhibited the highest sapling den-
sity both in 2006 and in 2014. When avail-
able in sufficient quantities this substrate
type is considered as critical for the re-
generation of high mountain Picea abies
forests (Hofgaard 1993, Holeksa et al.
2012, Jehl 2001, Svoboda et al. 2010).
Since it takes at least 2 decades before
the deadwood is sufficiently decayed
to allow establishment of the Picea re-
cruitment (Holeksa et al. 2012, Zielonka
2006), we assume that the decayed
deadwood was present in the study site
before the disturbance of 2001.

In terms of saplings density high impor-
tance for the regeneration of Picea abies
had also the windthrow mounds, which re-
sulted from the up-rooting of mature trees.
Similarly to deadwood, this elevated mi-
crosite provides the seedlings better pro-
tection against the frost resulting from the
stagnation of cold air in the shallow areas
(Penev and Marinov 1964, llisson et al.
2007). Moreover, the windthrow mounds
are mainly formed by exposed mineral
soil, which is considered as optimal sub-
strate for the regeneration of as well Picea
abies as most of the pioneer species.

In contrast, the lowest importance for
the regeneration of Picea abies had the
vegetation covered ground exhibiting the
lowest regeneration densities (less than 2
saplings per 100 m?). The grass and shrub
vegetation was mainly formed by dense
patches of the species Rubus ideaus
and Calamagrostis arundinacea, which
are known to effectively suppress the
germination and survival of Picea seed-
lings (Pavlov et al. 1996, Wohigemuth
et al. 2002). Since these species sustain
an abundant seed bank in the soil and
emerge immediately after increase of the
light levels (Fischer et al. 2002), the ger-
mination of Picea seeds on bare ground
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after a disturbance may be successful in a
very short time lapse.

Conclusion and implications for forest
management

Our results show that the natural regen-
eration compared to the artificial plant-
ing can be a more sustainable and cost
effective option for the recovery of wind
disturbed spruce forests. Before taking a
decision on the type of restoration meas-
ures needed it is advisable to observe the
potential of the natural regeneration for
a period of up to 5 years after the distur-
bance. When adequate advance regen-
eration is available, we suggest that the
salvage logging as a traditional sanitary
measure against potential outbreak of
bark beetles is replaced by debarking of
the wind-blown trees, as practiced in pro-
tected areas and hardly accessible terri-
tories in Central Europe (Dountchev et al.
2014). In general, the resilience of mon-
tane Picea abies forests against large-
scale disturbances can be preliminary en-
hanced by sustaining abundant seedling
bank, leaving sufficient quantities of dead-
wood as regeneration substrate and tol-
erating pioneer species as seeding trees
(Brang et. al 2006).

When indispensable, the artificial refor-
estation should be implemented by strict ap-
plication of the planting technology, usage
of planting material adapted to the site-spe-
cific ecological conditions and complemen-
tation of the Picea plantations with saplings
of pioneer species or Fagus sylvatica. The
spruce plantations should be created by
using of well-developed and preferably pot-
ted saplings with an age of at least 4 years
(Frehner 2002, Milev and lliev 2000) and
with special preference to grass-free sub-
strates and elevated microsites which are
well-drained and airy. These measures are

particularly important in areas with extreme
climatic conditions, where the slowly grow-
ing spruce saplings most often die out as
result of frost heaving or suppression by the
high grass and shrub vegetation.
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